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(54) Reformer 

(57) A reformer is disposed in the flow path of a re- 
actant fluid. The reformer includes an electrically heat- 
able heater unit of honeycomb structure, in the up- 
stream of the flow path at a reactant fluid, and a catalyst 
unit of honeycomb structure capable of generating hy- 
drogen from a reactant fluid containing an organic com- 



pound or carbon monoxide, by catalysis, in the down- 
stream of the above heater unit. The heater unit and cat- 
alyst unit satisfy the following relationship: Cell density 
of the heater unit < Cell density of the catalyst unit. The 
reformer improve efficiency lor production of hydrogen 
and reduce CO as the by-product. 
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Description 

Background of the Invention 
s (1) Field of the Invention 

[0001] This inventbn relates to a reformer 1or hydrogen generation, suitably used in industries and vehicles. 
(2) Description of the Related Art 

10 

[0002] In recent years, production of electricity without causing environmental pollution has drawn attention and an 
interest in fuel cell has increased. Fuel ceil has various advantages such as high efficiency in power generation, for- 
mation of small amount of carbon dioxide (CO^ and substantially no formation of harmful substances such as carbon 
monoxide (CO), nitrogen oxides (NQJ or the like. Therefore, researches and developments on use of fuel cell in on- 

75 site type power generator or automobile have been under way recently. In generating electricity using a fuel cell, high- 
purity hydrogen is required. This hydrogen is produced by using, as a starting material, a hydrocarbon (e.g., butane 
or propane), an alcohol (e.g., methanol), CO or the like and conducting a catalytic reaction. 
[0003] The main reaction in the above hydrogen production is steam reforming which takes place in the presence 
of steam and a catalyst. Since the steam reforming is generally an endothermic reaction although it differs depending 

20 upon the starting material used, it is important to heat the catalyst to a desired temperature uniformly. Decrease in 
reaction temperature invites formation of coke and resultant deactivation of catalyst; therefore, great care is necessary 
in industrial designing of the reactor. 

[0004] Further, since the above steam reforming has a low reaction speed unlike combustion reaction, a relatively 
large catalyst volume is required in treating a given amount of a starting material. Meanwhile, the catalyst functions at 

25 high temperature. Hence, a long time is taken to warm up the catalyst. Thus, there have been problems when the 
steam reforming is utilized in an on-site generator or an automobile where quick hydrogen generation is required. 
[0005] In conventional catalytic processes for hydrogen production by steam reforming, the catalyst used has gen- 
eral V been heated externally. When a starting material is passed over a fixed catalyst bed and a relatively targe reaction 
tubs is used, it is difficult to transfer heat to the center of the catalyst bed and there has been used a complicated 

so mechanism that a tubular reactor is heated by the use of a heating medium such as metal bath, combustion waste gas 
or the like. 

[0006] In other conventional catalytic process for hydrogen production by steam reforming, the heating of the catalyst 
used has been conducted by introducing a combustion waste gas (generated in gas-phase reaction or catalytic com- 
bustion) into the reaction tube and heating the catalyst with the heat of the waste gas. This process is not preferred 
35 because it increases the flow amount of fluid, reducing the activity of intended reaction and generating more CO> by 
combustion. 

[0007] In the gas produced by the steam reforming, hydrogen has no sufficient purity to be used in a fuel cell and 
CO has a deactivating effect on the Pt-based electrode used in the fuel cell. Therefore, a CO shift reactbn (an aqueous 
conversion reaction) and a CO selective oxidation reactbn are conducted to increase the purity of hydrogen. However, 
to there are many technical problems as to the way in which the catalysts used therein are heated so as to function or 
the way in which the reactions are allowed to proceed stably. 

[0008] As still another process for generating hydrogen from a hydrocarbon or the like, there is a process which 
comprises generating hydrogen and CO by a partial oxidation reaction of a hydrocarbon in place of the above-mentioned 
steam reforming and then conducting the above-mentioned CO shift reactbn and CO selective oxidation reaction to 

45 obtain hydrogen. In this process, the partial oxidation reaction of the first step is an exothermic reactbn and is sub- 
stantially free from the problem of heat supply; however, since the reaction temperature is generally higher than that 
of the steam reforming, technical problems remain unsolved as to how the catalyst temperature is maintained and how 
high-purity hydrogen is generated in a short time when the process is utilized in an on-site generator or an automobile. 
As still another process for generating hydrogen from a hydrocarbon or the like , there is a process using a decomposition 

so reaction. A specific example of the decomposition reaction is a decomposition reaction tor generating hydrogen from 
methanol. This reaction is an endothermic reaction similar to the steam reforming, and hence there are the similar 
problems as mentioned above. 

[0009] Also in industries where hydrogen is consumed in a large amount, such as ammonia synthesis, hydrogenation, 
hydrodesulfurization or the like, there are many technical problems to be improved in areas such as reaction efficiency, 
55 low operational energy, period of reactor start-up and conversion of the starting material. 
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Summary of the Invention 

[001 0] The inventors of the present invention have proposed a relormer of new configuration, as disclosed in Japa- 
nese Patent Application No. 9-296004, in an attempt to solve the above problems. This reactor disposed in 1he flow 
5 path of a reactant fluid, which comprises: 

a catalyst unit capable of generating hydrogen from a reactant fluid containing an organic compound or carbon 
monoxide, by catalysis; and 

an electrically beatable healer unit, wherein honeycomb structures are suitably used both 1or the catalyst and 
w heater units. 

[0011] The reactor can generate, in a short time, high-purity hydrogen 1or a fuel cell utilized in an industrial unit or 
automobile. However, the inventors of the present invention have found, after extensive studies to still improve the 
reactor, that there are room tor improvements in, e.g., contact efficiency between the catalyst unit and reactant fluid, 

f5 and heat-exchanging efficiency of the heater units, when two or more units are installed. 

[0012] The present invention, is achieved based on the above recognition, aims at providing a reformer, disposed 
in the flow path of a reactant fluid, which comprises a catalyst unit capable of generating hydrogen from a reactant 
fluid containing an organic compound orcarbon monoxide, by catalysis, and an electrically heatable heater unit, wherein 
improvements are made on the above-mentioned reactor in, e.g., contact efficiency between the catalyst unit and 

20 reactant fluid, and heat-exchanging efficiency of the heater units, when two or more units are installed. 
[0013] According to the present invention, there is provided, as a first aspect, 
a reformer disposed in the flow path of a reactant fluid, which comprises: 

an electrically heatable heater unit of honeycomb structure, in the upstream of the flow path of a reactant fluid, and 
25 at least one catalyst unit of honeycomb structure capable of generating hydrogen from a reactant fluid containing 

an organic compound or carbon monoxide, by catalysis, in the downstream of the above heater unit, wherein the 
heater units and at least one of the catalyst units satisfy the following relationship: 

[0014] Cell density of the heater unit < Cell density of the catalyst unit. 
so [0015] Furthermore, according to the present invention, there is provided, as a second aspect, 

a reformer disposed in the flow path of a reactant fluid, which comprises: 
two or more electrically heatable heater units at honeycomb structure; and 

at least one catalyst unit of honeycomb structure capable of generating hydrogen from a reactant fluid containing 
35 .an organic compound or carbon monoxide, by catalysis, at least at one position between the above heater units, 
wherein, at least one of the heater units upstream of the catalyst unit (upstream-side heater unit) and at least one 
- of the heater units downstream of the catalyst unit (downstream-side heater unit) satisfy the following relationship: 

[0016] Cell density of the upstream^side heater unit > Cell density of the downstream-side heater unit 
to [0017] Furthermore, according to the present invention, there is provided, as a third aspect, 
a reformer disposed in the flow path of a reactant fluid, which comprises: 

two or more electrically heatable heater units of honeycomb structure, adjacent to each other, installed in the 
direction of fluid flow; and 

45 a catalyst unit of honeycomb structure capable of generating hydrogen from a reactant fluid containing an organic 

compound or carbon monoxide, by catalysis, wherein, at least two adjacent heater units satisfy the following re- 
lationship: 

[0018] Cell density of the upstream-side heater unit < Cell density of the downstream-side heater unit 
so [0019] Still more, in the present invention, the term 'honeycomb structure" means a structure having a number of 
through-holes (cells) separated by a partition from each other. Also in the present invention, 'a catalyst unit of honey- 
comb structure capable of generating hydrogen Iron a reactant fluid containing an organic compound or carbon mon- 
oxide, by catalysis" includes a catalyst unit of honeycomb structure which shows a catalytic reaction of increasing purity 
of hydrogen generated from a reactant fluid containing an organic compound or carbon monoxide, by catalysis, e.g., 
ss . CO shift reaction and selective oxidation of CO. 
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Briel Description of the Drawings 

S' \ 15 3 S8C,i0nal ™ W 6hOWin9 008 ^^^^ °< a rslormer according to a first invention 

s Son ^ 2 18 8 ■* H0nrt VfeW embodiment 01 ■ «"ormer acLdng toSTSnd 

fSon R9 ' 3 iS 8 SeCti0na ' VfeW ShOWin9 Sti " " nc,h8r embodiment <* • "tormw accordhg to the third 

[0023] Fig. 4 is a schematic sectional view of the reformer of one embodiment of the present invention (EXAMPLE 1 > 
n PJ024] Fig.SKascherr^secttonalviewcrf^ 

[0025] Fig. 6 is a schematic sectional view of the reformer (COMPARATIVE EXAMPLE) 

MME 3).' 9 ' 7 * 9 SCh8mat,C SeCti ° nal . ^ °' ^ raf0rmSr 01 Sti " an0thSr embodi ^ of the present invention (EX- 
'S ArS 4) i9 ' 8 iS 8 8Chem3tiC SeCti0nal * me ref0rmer 01 8,111 ^bodiment of the present invention (EX- 
JWfl HO. 9 is a schematic sectional view of the reformer of still another embodiment of the present invention (EX- 

SplI'b) 10 ' S 8 8Chema1fc SeCti0nal Vi6W " ^ refofmer <* &W m0lher emb «*™nt of the present invention 
20 SplE 9 7) 11 * ' S0h6matiC SeCli0na, ^ 01 ref0rmSr 01 Sti " am °°d™nt of the present invention 

SS^LE 8)" iS 3 50hema1iC SeCti0nal ViSW 01 ref0rm8r 01 Sti " "*o*n«it of the present invention 

» Ee5S|PLE 9 9) 13 " 3 """^ 6Bai0nal Vl9W * reformer " Sti " TO, - r ^iment of the present invention 

Sple'iO) 4 13 8 SChema1,C SeCU ° nal V ' eW 01 ,he ref0rmer 01 S,i " of the present invention 

Sple 9 ;i 1 , 5 IS 8 SChema1fc SeCti0nal VfeW * ,he feformer 01 8,1,1 of the present invention 

30 Spl?^) 6 ' S 8 tamM ° S8CB0nal Vi6W 01 ^ fef0rmer 01 6,111 ano,h,r embodi ^nt of the present invention 

[eS|PLE 9 1^) 7 18 9 SChSma1iC S8Cti0nal Vi8W * thS ref0nT,er 01 Sti " " olh " ernb °d^nt of the present invention 

* E2fS 4? fe 3 SChematiC SeCti0^a, ^ 01 th8 reformer * Sli " «*«*"■•* of the present invention 

SplE 9 15) 9 iS 9 5Ch8matiC 8eCti0^a, VfeW * reformer * Sti " of the present invention 

[0039] Fig. 20 is a perspective view showing one example of honeycomb structure 
^ [0040] Fig. 21 ,s a schematic sectional view showing another example of the honeycomb structure. 

Detailed Description of Pralerred Embodiments 

[0041] The reformer according to the first aspect comprises an electrically heatable heater unit of honevcomb 
SriinntT ° f T flOWPath ° fa fiUid ' 3nd 31 ™ -H of^eyclb srcCS e 

S, J? me re !° rrner thG ab0ve ^S"^^' toe ^ater unit gives a heat to the reactant fluid containina an 
organic compound or carbon monoxide, and the catalyst unit, on the other hand, provides the reactan JhSSE wn£ 
a catalyse srte. The former involves a simple heat transfer phenomenon, whereas the latter SSi *e 
rTl** "ft"?™ * reaCtent °" me Cataly8is 8116 reactton - oesorptbn ofTh^pr^f^^ 

^ catayst unit at a higher ce.l density than the heater unit, in order to improve contacHSn^ 
between the catalyst unit and reactant fluid and thereby 1o improve overall efficiency of the processfrom hZ S 

pa TT' knponmt 10 improve efficie ^ between «*S 2 ESSE l 9 * 

the reaction involved is not so fast as, e.g., combustion ««uysis sue, wnen 

?„^!L M °; BOV6r mbdn 9 efficiencv o1 1hB rea *ant ""id between the heater unit and catalyst unit can be increased 
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structure than the upstream heater unit, i.e., the former has a higher cell density than the latter. 

[0044] Viewed from the above, the reformer according to the first aspect is characterized by at least one heater unit 

and at least one catalyst unit downstream of the heater unit satisfying the lol lowing relationship (1 ): 

s 

Cell density of the heater unit £ Cell density ol the catalyst unit (1 ) 

[0045] Fig. 1 is a schematic sectional view showing one embodiment of the reformer according to the first aspect. 
In Fig. 1, the reformer comprises a heater unit 1 and a catalyst unit 2 disposed in a metallic casing 3 which lorms a 
w flow path of the reactant fluid. The heater unit 1 has electrodes 4, and electricity is supplied thereto Irom an external 
electric source not shown in Fig. 1 . The heater unit 1 is disposed upstream of the catalyst unit 2. A reactant fluid A is 
led into the reformer from an inlet 5, passes through the heater unit 1 and catalyst unit 2, and reaches an outlet 6. A 
fluid B containing the hydrogen produced leaves the outlet 6 and is transferred to a fuel cell section disposed down- 
stream of the reformer. Both heater unit 1 and catalyst unit 2 are of honeycomb structure, their cell densities satisfying 
the relationship (1). 

[0046] In the preferred embodiment shown in Fig. 1, one catalyst unit is disposed in the reformer. However, two or 
more catalyst units may be disposed. In such a case, the intended effect of the present invention can be secured when 
the heater unit and at least one of the catalyst units downstream of the healer unit satisfy the relationship (1). The 
effect will be larger when the heater unit and the catalyst unit adjacent thereto satisfy the relationship (1 ), and still larger 

20 when the heater unit and all of the catalyst units downstream of the heater unit satisfy the relationship (1 ). 

[0047] The reformer according to the second aspect comprises two or more electrically heatable heater units ol 
honeycomb structure in the flow path of a reactant fluid, and at least one catalyst unit of honeycomb structure capable 
of generating hydrogen from a reactant fluid containing an organic compound or carbon monoxide, by catalysis, at 
least at one position between the above heater units. 

25 [0048] In the reformer of the above configuration, it is preferable that the heater unit upstream of the catalyst unit 
(upstream-side heater unit) has a high cell density to improve heat-exchanging efficiency between it and fluid. The 
heater unit downstream of the catalyst unit (downstream-side heater unit), on the other hand, receives the fluid from 
the upstream-side heater unit and catalyst unit, both upstream of the downstream-side heater unit, and there are 
positioned the upstream-side heater unit and the catalyst unit at the upstream-side of the downstream-side heater unit, 

so and the fluid being cooled by the upstream units. When the reformer makes cold starting, the cooled fluid takes heat 
from the downstream-side heater unit, possibly retarding heating of the heater unit It is therefore preferable that the 
downstream-side heater unit has a lower cell density than the upstream-side heater unit, to have a lower contact 
efficiency with the fluid than the upstream-side heater unit. 

[0049] In particular, when the catalyst unit disposed between the upstream- and downstream-side heater units is to 
35 generate hydrogen, the fluid flowing into the downstream-side heater contains hydrogen ata higher concentration than 
that flowing into the upstream-side heater. It is therefore preferable that the former fluid is not heated excessively for 
safety consideration and that the downstream-side heater unit has a lower cell density than the upstream-side heater 
unit. 

[0060] Viewed from the above, the reformer of the second aspect is characterized by at least one of the heater units 
40 upstream of the catalyst unit (upstream-side heater unit) and at least one of the heater units downstream of the catalyst 
unit (downstream-side heater unit) satisfying the following relationship (2): 

Cell density of the upstream-side heater unit > Cell density of the downstream-side heater unit (2) 

45 

[0051] Fig. 2 is a schematic sectional view showing one embodiment of the reformer of the second aspect. In Fig. 
2, the reformer comprises an upstream-side heater unit 10, a catalyst unit 12, a downstream-side heater unit 11 and 
a catalyst unit 1 7, disposed in a metallic casing 1 3 which forms a flow path of the reactant fluid. Each of the upstream- 
and downstream-side heater units 10 and 11 has electrodes 14, and electricity is supplied thereto from an externa! 

so electric source not shown in Fig. 2. The upstream-side heater unit 1 0 is disposed upstream of the catalyst unit 1 2, and 
the downstream-side healer unit 11 downstream o! the catalyst unit 12. A reactant fluid A is fed into the reformer from 
an inlet 15, passes through the upstream-side heater unit 10, catalyst unit 12, downstream-side heater unit 11 and 
catalyst unit 17, and reaches an outlet 16. A fluid B containing the hydrogen produced leaves the outlet 16 and is 
transferred to a fuel cell section disposed downstream of the reformer. Both upstream- and downstream-side heater 

ss unite 1 0 and 1 1 are of honeycomb structure, their cell densities satisfying the relationship (2). 

[0052] In the preferred embodiment shown in Fig. 2, two heater units are disposed in the flow path, an upstream- 
side heater unit and downstream-side heater unit with a catalyst unit in-between. However, three or more heater units 
may be disposed, with two or more upstream-side heater units and/or two or more downstream-side heater units. In 
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such a case, the inlended effect of the present invention can be secured when at least one of the upstream-side heater 
units and al least one of the downstream-side heater units satisfy the relationship (2). The effect will be larger when 
the upstream-side heater unit and the downstream^side heater unit with no constitutional element (e.g heater unit) 
except one or more catalyst units in-between satisfy the relationship (2). 

[0053] It is preferable, when three or more heater units are used with each of two or more catalyst units in-between 
at different positions, that the upstream-side heater unit and 1he downstream-side healer unit with respect to the most 
upstream catalyst unit satisfy the relationship (2). The intended effect will be still larger, when all of the upstream-side 
anddownstream-side heater units satisfy the relationship (2) for the configuration with three or more healer units 
[0054] The reformer as the third aspect comprises two or more electrically heatable heater units of honeycomb 
structure adjacently disposed in 1he flow path of a reactant fluid in the flowing direction of the fluid and at least one 
catalyst unit of honeycomb structure capable of generating hydrogen from a reactant fluid containing an organic com- 
pound or carbon monoxide, by catalysis. 

[0055] In the reformer of the above configuration where the fluid is heated by two or more adjacent heater units the 
fluid can be continuously and efficiently heated along the flow path from the upstream-side heater unit(s) to the down- 
stream-side heater unH(s), when the downstream-side heater unit has a higher cell density, i.e., a higher haat-exchana- 
ing efficiency, than the upstream-side healer unit. When the downstream-side heater unft has a lower heat-exchanaino 
efficiency, i.e.. a lower cell density, than the upstream-side healer unit, on the other hand, temperature of the fluid 
gained by the upstream-side heater unit at a cost may not be kept, or conversely lowered, by the downslream-side 
heater unit. It is therefore preferable, viewed from overall heating effect, that the downstream-side heater unit has a 
higher cell density than the upstream-side heater unit. 

[0056] Mixing efficiency of the reaction fluid between the heater units can be increased, when the upstream- and 
downstream-side heater units are different from each other in cell structure (shape and density) and the downstream 
heater unit has a finer cell structure, i.e. . a higher cell density, than the upstream heater unit, and uneven temperature 
distnbubon in the heater unit or catalyst unit section can be reduced, when the downstream heater unit is followed bv 
an adjacent heater unit or catalyst unit. 

[0057] viewed from the above, the reformer of the third aspect is characterized by at least two adjacent heater units 
satisfying the following relationship (3): 



Cell density of the upstream-side heater unit £ Cell density of the downstream-side heater unit 



(3) 



PJ05S] Fig. 3 is a schematic sectional view showing one embodiment of the refoimer of the third aspect In Fig 3 
the reformer comprises an upstream heater unit 20, a downstream healer unit 21 and a catalyst unit 22 djsrjosed in 
a metalhc casing 23 which forms a flow path of the reactant fluid. Each of the upstream- and downstream-side heater 
units 20 and 21 has electrodes 24. and electricity is supplied thereto from an external electric source not shown in Fio 
t . .„ UPStrSam heatSr UnH 20 and downs1ream heat( * "nit 21 are adjacent to each other in the flowing direction of 
the fluid and followed by the catalyst unit 22 downstream of these two heater units. A reactarrl fluid A is fed into the 
refoimer from an miet 25, passes through the upstream heater unit 20. downstream heater unit 21 and catalyst unit 
22, and reaches an outlet 26. A fluid B containing the hydrogen produced leaves the outlet 26 and is transferred to a 
fuel cell section disposed downstream of the reformer. Both upstream- and downstream-side healer units 20 and 21 
are of honeycomb structure, their cell densities satisfying the relationship (3). 

[0059] In the preferred embodiment shown inFig.3, twoadjacentheaterunitsaredisposedintheflowpath However 
three or more adjacent heater units may be disposed. In such a case, the intended effect of the present invention can 
be secured when at least two of the heater units satisfy the relationship (3). The effect win be larger when the most 
upstream heater unit and the heater unit adjacent thereto satisfy the relationship (3). The efled will be still larger when 
all of the adjacent heater units satisfy the relationship (3). 

[0060] The first to third aspects described above may be combined with one another, as required The common 
leatures to the reformers of these inventions will be described below. 

[0061] in the present invention, ihere is used, as the starting material for obtaining hydrogen, a reactant fluid con- 
taining an organic compound such as hydrocarbon (e.g.. butane or propane), or alcohol (e.g., methanol) or carbon 
monoxide (CO). A hydrocarbon is prefened in view of the transportation via a gas cylinder or pipe In view of the 
handleabilrty when mounted on an automobile, a gasoline or alcohol (e.g., methanol), which is a liquid and easy to 
mount, is preferred. However, 1he starting material lor obtaining hydrogen is not restricted to these CO is not preferred 
as the starting material, because it is a toxic gas. 

[0062] The main reaction in the reformer of the present invention is a steam reforming reaction taking place in the 
presence ofsteam. Further, a CO shift reaction and selective CO oxidation reaction are allowed totake place to reduce 
CO (a by-product), m order to obtain high-purity hydrogen and alleviate the deactivation ol the electrode of fuel cell by 
CO. An example of the reactions taking place when butane is used as a starting material, is shown below. 
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(1 ) C 4 H 10 + 9H s O -> 9H 2 + 4CO Steam reforming reaction 
(2) CO + H 2 0 -> C0 2 + H 2 CO shift reaction 



(3) CO + 1/20 2 C0 2 Selective CO oxidation reaction 

10 [0063] Hydrogen can also be obtained by using a partial oxidation reaction in place of the steam reforming reaction. 

(4) C 4 H 10 + 20 2 -> 4CO + 5H 2 Partial oxidation reaction 

is [0064] Following the above partial oxidation reaction, the above reactions (2) and (3) are al towed to proceed to 
increase the purity ol hydrogea The process for obtaining hydrogen based on the reaction (1 ) is called steam relorming, 
and the process lor obtaining hydrogen based on the reaction (4) is called partial oxidation. Any of these processes is 
applicable to the present invention. Use of steam reforming or partial oxidation in hydrogen production is optional. For 
use in fuel cell mounted on an automobile, partial oxidation is drawing attention when gasoline is used as the starting 

20 material, and steam reforming is drawing attention when an alcohol (e.g., methanol) is used as the starting material. 
In general, steam reforming can produce high-purity hydrogen easily at lower temperature and is more efficient. 
[0065] As the reaction for generating hydrogen from methanol, there are the following two reactions: 

2B (5) CH 3 OH -> CO + H 2 Decomposition reaction (endothermic) 



(6) CH 3 OH + H 2 0 -> 3H 2 + C0 2 Steam reforming reaction (endothermic) 

[0066] In these reactions, different catalysts are generally used (the catalysts used are described later) and the 
reaction temperatures are also different. The reactions (1), (5) and (6) are generally endothermic, and require temper- 
ature of 500°C or higher. The reactions (2) and (3) are exothermic, and are allowed to proceed at relatively low tem- 
perature of 300°C or lower. The reaction (4) is exothermic and requires temperature of 500°C or higher. To obtain high- 
purity hydrogen , the reactions (1 ) [or (5) or (6)], (2) and (3), or the reactions (4) , (2) and (3) are conducted over respective 
catalysts being disposed in series in the flow path of a reactant fluid. Depending upon hydrogen purity required, it is 
possible to conduct only the reactions (1) [or (5) or (6)] or the reaction (4) in the reformer; when CO is used as the 
starting material, the reaction (2) and, as necessary, the reaction (3) are conducted. 

[0067] The catalyst unit for the present invention contains at least one of the catalyst components having catalysis 
forthe above-mentioned steam reforming, partial oxidation or decomposition, CO shift reaction, selective CO oxidation, 
etc. Of these, thB selective CO oxidation reaction is for reduction in CO and has no direct relation to hydrogen produc- 
tion; however, when high-purity hydrogen is required, this reaction is important and allowed to proceed in the reformer, 
and the cataiyst for the reaction is contained in the catalyst unit. 

[0068] Asthe catalyst for generating hydrogen from a reactant flu id containing an organic compound or CO, concrete 
examples cri the preferable ones include a catalyst containing, as main components, a heat-resistant oxide and at least 
one kind of metal selected from the metal elements of groups VB 1o VIII, IB and MB of the long^orm periodic table. 
[0069] As to the metal element effective tor steam reforming, partial oxidation or decomposition, it is preferred to use 
a metal of group VI II as the essential metal element. The preferred metal elements are Ni, Rh, Ru, U Pd, Pt, Co and 
Fe, and thBy are used singly or in combination. It is preferred to add thereto, as a promoter catalyst, V or Nb of group 
VB; Cr, Mo or W of group VIB; Mn or Re of group VlIB; or the like. Also, an alkaline earth metal may be added for 
prevention of carbonization. These metals are ordinarily loaded on a heat-resistant oxide, whereby the resulting catalyst 
can have an increased specific surface area, enhanced activity and durability to reaction temperature. 
[0070] As the heat-resistant oxide, there can be used Al 2 0 3 , SKD 2 , Ti0 2 , Zr0 2 , MgO, zeolite, SAPO, ALPO, a layer 
structure compound or a compound oxide thereof. Of these oxides, one having a specific surface area of ordinarily 5 
to 300 nr^/g is used. The heat-resistant oxide and the above-mentioned metal component are made into a uniform 
mixture by a known means such as chemical method (e.g., immersion, copreciprtation or sol-gel), physical mixing or 
the like. Specific surface of the synthesized catalyst is generally in a range from 5 to 300 m^g. A specific surface area 
below 5 nr^/g invites reduced activity, and that above 300 nr^/g invites striking property change at high temperature 
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and resultant reduction in durability. 

[0071] As the heat-resistant oxide, alumina (AfeO,) can be preferably used because It is relatively inexpensive and 

£5TS. Cr "TT* ?U* fe I ^ ^ P6r 86 ° r 8 COmpound 0X11)6 1hereof for suppressing caZiStbn 
i "T^™ 01 thS C3talySt ^ 3ddad t0 th8 h^t-resistant oxide is preferably 1 to 30% by weight wSi 
the catalyst metal ,s a noble metal, addition of up to about 10% by weight is sufficient because the T noble mSal Z a 

^TTTL^ m f ! Is ' ^ melal such as Ni - addWon °» 10 to 30% by 

0073] As the catalyst appropnale for CO shift reaction, there is often used Fe or Co of group VIII Cu of qrouo IB 

^rsi el m 6 Ti ^ •^•P**- in mention showafa'rty hi'gh aa^Ss tti 
react on. S.nce the metals showing an activity at relatively low temperature include Cu, Zh or both loadinc of such a 
metal or metal combination on the above^entfoned heat-resistant oxide (e.g.. alumina) can assure S helrest 
ance Jn such a case amount of the metal added to the heat-resistant oxide fs preferably 10 to 50% 

S A.th T ,' S et COndUCted 31 reIa1ive| y N* t^perature. spine. (e.g., Fe-Cr) peTse can also be used 
[0074] As the catalyst appropnate for selective CO oxidation reaction, ihere can be mentioned metals such as Mn 

w SXS^ the 1 abOT .7 ,en, ! oned heat-resistant oxide. The catalyst need not oxidize hydrogen produced 2 
Ptorthe Ida havmgastrong fractions with COcan be used. A hopcalite catalyst is alsooneof theprefer^adcaSvl 
P07J The catalyst unit is used in the form of honeycomb structure, which niy be made of a eaiSfSSSS 
per se or may be obtained by loading a catalyst componenlfs) on a honeycomb carrier made of an inert mXSh 

™z? e ™ ■ h h b " ^ nke - Ths suHab,e materia,s ior honeycomb < rssss 

mullrte) foil-shaped metals composed of heat-resistant stainless steel (e.g., Fe-Cr-AJ alloy), and me^^efels 
formed into honeycomb structure by powder metallurgy. The honeycomb carrier is prefer^ pGmIT*!lE?Sl 
cerarmc or metal tor^duced heat capacity and improved catalyst-loading characteristics. Its p«os^' ^le^in 
a range from 0.5 1o50%. more preferably 10to<0%. When the catalyst component is coated o^thehon JSSSS 
.n *e form of coating layer, thickness of the coating layer is preferably in a range from 5 to 100 micron Tnic^Ti 
betow 5 micron may invite catalyst deactivation, whereas that above 1 00 micron Increased pressur™ sT' 
[0076] The catalyst unit isconstituted rearranging, generally in series, a catalystlorsteam retorminq partial oxidation 
TbSTT aCatal ^ 10rC ° 8hift reac,ion - ^ a catalyst tor selecthTco oxidation. Tl£25^£5S 
r^lS" 9 j; eSP ? C,,Ve C3talyStB m diffSrent ° f *™°y°°«*> structure; however, since each Syst 
c^s^ 

[ °°^ , ^ , hea,er unit for toe present invention also has a honeycomb structure, like the catalyst unit It mav be 
made of an electrical* heatable materia, per se; however, in view of the warm-up property aJdVSS^iSSS 
dunng cold start-up and temperature stabilization of the catalyst unit during J^^epwS^^22?S 

partial oxKfabon ordecomposrton, CO shift reaction, selective CO oxidation, etc. The catalyst presence^ S 
unrt may be achieved by ^ 

achieved by load.ng the catatyst(s) on the electrical V heatable materia.. In view of the reaction aSX ™«ct* 

Thecaiaryst component lor th. heater unit may be the same as. or different from, that for the catalyst unit * 
[0078] As the matenal for the heater unit, there can be used a sintered material having electricalVesSance^eata 

5? S^T^uTT^f ^ PTCl 3 SUb8lanCe posrtrve m^<£Z££££Z 
(e.g.. SIC or MoSy superconductive ox.de of Y or Bi type, perovskite showing a negative resistance characteristic 
o^gen ,on-conduct,ve material (e.g., 2^. silicide. borde. nitride, or ion^onductive^ass SS^ftEEE 

Z£ t r a ' 5 ° b£ Used a metaS hB *fl •"•a** resistance-heatability such as fJcn! Irte co^- 
posrtior , o, "other alloy composition (e.g., Ni^r, Fe-AI. Fe-Cr or Ni-AI); or a cermet which « a compose maSoTTe 

^ ? Bn ^ a hea, - res,stan1 ^^rt 31 havi "9 no electrical resistance-heatability (e.g., alumina) 
[0079] The above-mentioned materials for the heater unit can be used singly or h the form of composite material of 
two or more tan* or may be used as a composite material with a catalyst component(s). ImportantlyTny "nSLTte 
the heater unr. must tave electrical heatability. and there is no other restriction as to kind of JS^SHSS 

SSTS 35 8 "° r " A1, ^ fB< * ° r thG ,ikS iS Prefsrred in view of the Bnd easy p^uSon The2 
aibys are a^eady .n commercial use in catalytic converters for automobiles, and have various adv^tageT^ TttatZ 
have excellent heat res.stance and thermal shock and can be easily made into a honeycomb stmcturaby Sine 2 
powder metallurgy. Examples of the honeycomb structures are disclosed by. e.g.. JaparSSSSSe^^ 

(£ ^ 295184/1991 (R9 ' ^ Na1tona ' PUb,iCa1i ° n * ,ntemSonal ^ApplfcS^^STv?^ 
^| To the heater unit are connected electrodes for electrifying the unit, and electricity is supplied thereto from an 
external electnc source. When the reformer ismounted on anautomobile. the electric source can bea batterj 
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capacitor (condenser) or the like. When a plurality of heater units are disposed in the reformer, they may be independ- 
ently connected to the electric sources, or arranged in series or parallel to be connected to one source. In the heater 
unit, the resistance must be adjusted depending upon the power supplied, voltage used, etc. There is no restriction as 
the adjustment of the resistance; however, when the heater unit is a honeycomb structure, the adjustment can be made 
5 by forming slits or gaps therein, as disclosed by Japanese Patent Application Kokai (Laid-Open) No. 2951 84/1 991 and 
National Publication of International Patent Application No. 500911/1 991 . 

[0081] Both catalyst unit and heater unit preferably have a cell density of 4 to 2000 cells/in 2 (cpsi), more preferably 
50 to 1 500 cpsi, to satisty the condition for each of the first to the third aspects. Cell density below 4 cpsi may invite 
insufficient contact efficiency and hence insufficient unit function (healing 1or the heater unit and catalytic reaction tor 
10 the catalyst unit). Cell density above 2000 cpsi, on the other hand, may invite an excessive pressure loss. The cell 
section can be of any shape, e.g., circular, square, polygonal or corrugated. 

EXAMPLES 

is [0082] The present invention is described in more detail, which by no means limits the present invention. 
[Production ol Heater Units]: 

The heater units A to I were produced by the lollowing procedures. (Heater Unit A) 

20 

[00831 Powdered Fe, Cr-30A1 (wt%), Fe-50AI (wt.%), Fe-20B (wt.%) and YgO-j, all having an average particle size 
of 44 micron or less, were mixed to have a composition of Fe- 1 6Cr-8AI-0.05B-0.5Y 2 p3, and 1 00 g of the mixture was 
incorporated with 4 g of methyl cellulose as the organic binder and 1 g of oleic acid as the oxidation inhfoftor. The 
mixture thus prepared was extruded into a cylindrical honeycomb structure, which was dried at 90^ for 16 h in air, 

25 sintered at 1 325° C for 2 h in a hydrogen atmosphere, and thermally treated at 1150 & C for 30 min in air. 

[0084] The honeycomb structure produced by the above procedure had an outer diameter of 93 mm, thickness of 
30 mm, thickness of partition wall of 0.1 mm (approximately 4 mil), and cell density of 400 cpsi (hexagonal cells). It 
was provided with slits, to allow rapid heating of the central portion, to produce the honeycomb heater (Fig. 20). The 
honeycomb heater was then provided with electrodes, and disposed in a metallic casing of stainless steel while kept 

30 insulated from the casing, to produce the healer unit A. It has an effective volume of 0.2 L 

(Heater Unit B) 

[0085] The heater unit B was produced in a manner similar to that lor the heater unit A, except that the honeycomb 
35 structure had a ceil density of 600 cpsi. 

(Heater Unit C) 

[0086] Commercial y-M 2 0^ having a specific surface area of 200 nfifg was impregnated with an aqueous solution 
40 containing Ru, dried and sintered at 600°C, to prepare the Ru-impregnated AlgOg powder, which was mixed with ad- 
equate quantities of water and acetic acid, and shredded under the wet condition into the slurry. The slurry was loaded 
on the honeycomb structure having a cell density of 400 cpsi (similar to the heater unit A). The slurry-loaded honeycomb 
structure was sintered at 500°C. It was then provided with slits and electrodes, and disposed in a metallic casing in a 
manner similar to that for the heater unit A, to produce the heater unit C carrying thB catalyst component for steam 
45 reforming. 

(Heater Unit D) 

[0087] The heater unit D of honeycomb structure carryhg the cataiyst component for steam reforming was produced 
so in a manner similar to thai for the heater unit C, except that the honeycomb structure on which the slurry was loaded 
had a cell density of 300 cpsi. 

(Heater Unit E) 

55 . [0088] The heater unit E of honeycomb structure carrying the catalyst component lor steam reforming was produced 
in a manner similar to that for the heater unit C, except that the honeycomb structure on which the slurry was loaded 
had a cell density of 500 cpsi. 
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(Heater Unit F) 



P0S9] Commercial r AI 2 0 3 having a specific surface area of 200 rrf/g was impregnated with an aqueous solution 
contatntng copper acetate and another aqueous solution containing zinc acetate dri^d and sTeSj? sSc to orT 
pare the Cu/Zn-mpregnated AL,O a powder, which was mixed with adequate quantities^ v£^m£S£ S 

£E525 er we l cond " on inl ° slur,y 7110 8luny h^SSS 

then prided wrth slrts and electrodes, and disposed in a metallic casing in a manner similarto that foTtnTheater^ft 
A, to produce the heater unit F carrying the catalyst component lor CO shift reaction. 

(Heater Unit G) 

[0090] The heater unit G of honeycomb structure carrying the catalyst component for CO shift reaction was nmri,,,^ 
(Heater Unit H) 

[0091] The heater unit H of honeycomb structure carrying the eatayst component for CO shift reaction was 
(Heater Unit I} 

[0092] Commercial y-M^ having a specific surface area of 200 m2/a was imoraonatoH = . - 

containing H^Ct dried and shtered at 500»C, to prepare the fSSSLJSS 0^^^™* ^ 

[Production of Catalyst Units]: 

Sv o?^r^ A t0 N , ^ ProdUCed by "* 10 " OWin9 P roced "^- AH of the catalyst units had a common 
quantity of the catalyst component per unit volume of the honeycomb slructure. Since ALO, accounted for m^TT^ 

(Catalyst Unit A) 

£094] The same slurry as that used for producing the heater unit C was loaded on a carrier of honeycomb structure 
(cell denstty: 600 cpsi, volume: 1.0 L, outer dimeter 93 mm, thickness of partition wall- M5 rZE2 1 

at 500 C, to produce the catayst unit A carrying the catalyst component for sleam reforming. 
(Catalysl Unit B) 

fn ^ f B ? lyBt Untt B ° f s ^cture carrying the catalyst component f orsleam reforminq was oroduced 

^d^de^^ 

(Catalysl Unit C) 
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(Catalyst Unit D) 

[0097] The catalyst unit Dot honeycomb structure carrying the catalyst component for steam reforming was produced 
in a manner similar to that for the catalyst unit A, except that the honeycomb structure on which the slurry was loaded 
5 had a volume o1 0.6 L 

(Catalyst Unit E) 

[0098] The catalyst unit E of honeycomb structure carrying the catalyst component lor steam reforming was produced 
ft> in a manner similar to that for the catalyst unit A, except that the honeycomb structure on which the slurry was loaded 
had a cell density of 300 cpsi and volume of 0.8 L. 

(Catalysl Unit F) 

rs [0099] The catalyst unit F of honeycomb structure carrying the catalyst component for steam reforming was produced 
in a manner similar to that for the catalyst unit A, except that the honeycomb structure on which the slurry was loaded 
had a cell density of 300 cpsi and volume of 0.6 L 

(Catalysl Unit G) 

20 

[0100] The same slurry as that used for producing the heater unit F was loaded on a carrier of honeycomb structure 
(cell density: 600 cpsi, volume: 1.0 L, outer diameter 93 mm, thickness of partition wall: 0.15 mm (approximately 6 
mil), cell shape: hexagonal) of cordierite (NGK Insulator, Ltd.). The slurry-loaded honeycomb structure was sintered 
at 500°C, to produce the catalyst unit G carrying the catalyst component for CO shift reaction. 

25 

(Catalyst Unit H) 

[0101] The catalyst unit H of honeycomb structure carrying the catalyst component for CO shift reaction was produced 
in a manner similar to that 1or the catalyst unit G. except that the honeycomb structure on which the slurry was loaded 
so had a cell density of 400 cpsi. 

(Catalyst Unit I) 

[0102] The catalyst unit I o1 honeycomb structure carrying the catalyst component lor CO shift reaction was produced 
3S in a manner similar to that tor the catalyst unit G, except that the honeycomb structure on which the slurry was loaded 
had a volume o1 0.3 L 

(Catalysl Unit J) 

*> [0103] The catalyst unit J of honeycomb structure carrying the catalysl component for CO shift reaction was produced 
in a manner similar to that for the catalyst unit G, except that the honeycomb structure on which the slurry was loaded 
had a cell density of 400 cpsi and volume of 0.6 L 

(Catalysl Unit K) 

[0104] The catalyst unit K of honeycomb structure carrying the catalyst component tor CO shift reaction was produced 
in a manner similar to that tor the catalyst unit G, except that the honeycomb structure on which the slurry was loaded 
had a cell density of 400 cpsi and volume of 0.6 L 

50 (Catalyst Unit L) 

[0105] The same slurry as that used for producing the heater unit C was loaded on the upper half of a carrier of 
honeycomb structure (cell density: 600 cpsi, volume: 2.0 L, outer diameter 93 mm, thickness of partition wall: 0.15 
mm (approximately 6 mil), cell shape: hexagonal) of cordierite (NGK Insulator, Ltd.), and the same slurry as that used 
55 for producing the heater unit F was loaded on the lower hall of the above carrier. The slurry-loaded honeycomb structure 
was sintered at 500*C, to produce the catalyst unit L carrying the catalyst components for steam reforming and CO 
shift reaction at different positions on the same carrier. 
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(Catalyst Unit M) 

[0106] The same slurry as that used for producing the heater unit I was loaded on a carrier of honeycomb structure 
(cell density: 600 cpsi, volume: 1.0 L, outer diameter 93 mm, thickness of partition wall: 0.15 mm (approximately 6 
s mil), cell shape: hexagonal) of cordierite (NGK Insulator, Ltd.). The slurry-loaded honeycomb structure was sintered 
at 500°C, to produce the catalyst unit M carrying the catalyst component tor selective CO oxidation. 

(Catalyst Unit N) 

w [0107] The catalyst unit N of honeycomb structure carrying the catalyst component lor selective CO oxidation was 
produced in a manner similar to that for the catalysl unit M, except that the honeycomb structure on which the slurry 
was loaded had a cell density of 400 cpsi. 

(Catalyst Unit O) 

is 

[0108] The catalyst unit O of honeycomb structure carrying the catalyst component for selective CO oxidation was 
produced in a manner similar to that for the catalyst unit M, except that the honeycomb structure on which the slurry 
was loaded had a volume of 0.8 L 

20 [Configuration of Reformers]: 

[0109] The reformers o1 the following configurations were produced using the heater units and catalyst units de- 
scribed above. The notation numbers in the drawings in parentheses are attached to each of the heater units and 
catalyst units, to clearly distinguish the heater unit/catalyst unit types from notation numbers 

25 

(Relormer A) 

[0110] The reformer A comprised the healer unit A(30), catalyst unit A(40), catalyst unit G(46) and catalyst unit M 

(52) in this order in the flow path from the upstream (Fig. 4). 

30 

(Relormer 5) 

[0111] The reformer B comprised the heater unit A(30), catalyst unit A(40), catalyst unit H(47) and catalyst unit N 

(53) in this order in the flow path from the upstream (Fig. 5). 

35 

(Reformer C) 

[0112] The reformer C comprised the heater unit B(31), catalyst unit B(41), cataJyst unit H(47) and catalyst unit N 
(53) in this order in the flow path from the upstream (Fig. 6). 

40 

(Relormer D) 

[0113] The reformer D comprised the heater unit A(30), catalyst unit B(41), catalyst unit H(47) and catalyst unit N 
(53) in this order in the flow path from the upstream (Fig. 7). 

45 

(Relormer E) 

[0114] The reformer E comprised the heater unit C(32), catalyst unit C(42), catalyst unit H(47) and catalyst unit N 
(53) in this order in the flow path from the upstream (Fig. 8). 

so 

(Relormer F) 

[0115] The reformer F comprised the heater unit A(30), catalyst unit L(51 ) and catalyst unit M(52) in this order in the 
flow path from the upstream (Fig. 9). 

55 

(Reformer G) 

[011 B] The reformer G comprised the heater unit C(32), catalyst unit C(42), heater unit G(36), catalyst unit J(49) and 
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catalyst unit N(53) in this order in the flow path 1rom the upstream (Fig. 10). 
(Relormer H) 

[011 7] The relormer H comprised the heater unit C(32), catalyst unit E(44), heater unit G(36), catalyst unit J(49) and 
catalyst unit N(53) in this order in the flow path Irom the upstream (Fig. 11). 

(Reformer I) 

[011 B] The reformer I comprised the heater unit C(32), catalyst unit C(42) ( heater unit H(37), catalyst unit J(49) and 
catalyst unit N(53) in this order in the flow path from the upstream (Fig. 12). 

(Reformer J) 

[011 9] The reformer J comprised the heater unit C(32), heater unit E(34) p catalyst unit D{43), catalyst unit H(47) and 
catalyst unit N(53) in this order in the flow path from the upstream (Fig. 13). 

(Relormer K) 

[0120] The relormer K comprised the heater unit C(32), heater unit E(34), catalyst unit F(45), catalyst unit H(47) and 
catalyst unit N(53) in this order in the flow path from the upstream (Fig. 14). 

(Reformer L) 

[0121] The relormer L comprised the healer unit C(32), heater unit D(33), catalyst unit D(43), catalyst unit H(47) and 
catalyst unit N(53) in this order in the flow path from the upstream (Fig. 15). 

(Reformer M) 

[0122] The reformer M comprised the heater unit C(32), heater unit E(34), catalyst unit D(43), healer unit G(36), 
catalyst unit J(49) and catalyst unit N(53) in this order in the flow path from the upstream (Fig. 16). ) 

(Reformer N) 

[0123] The reformer N comprised the heater unit C(32), heater unit D(33), catalyst unit D(43), heater unil 1-1(37), 
catalyst unit J(49) and catalyst unit N(53) in this order in the flow path from the upstream (Fig. 17). 

(Reformer O) 

[0124] The reformer O comprised the heater unit C(32), catalyst unit C(42), heater unit G(36), heater unit F(35), 
catalyst unit K(50) and catalyst unit N(53) in this order in the flow path from the upstream (Fig. 18). 

(Reformer P) 

[0125] The reformer P comprised the heater unit C(32), catalyst unit C(42), heater unit G(36), catalyst unit 1(48), 
heater unit 1(38) and catalyst unit 0(54) in this order in the flow path from the upstream (Fig. 1 9). 

[Assessment of Reformer]: 

[0126] A mixture of methanol (CH 3 OH) and water was fed to each of the above reformers A to Pat a constant rate, 
where the steam carbon ratio (S/C) in the starting mixture was set at 2.0. Electricity was supplied to each heater unit! 
to a total power of 2.5 KW, where supply of electricity and that of the starting mixture to each reformer were started at 
the same time. Electricity was supplied continuously to the heater unit upstream of the catalyst unit carrying the catalyst 
component for steam reforming and to the healer unit carrying the catalyst component for steam reforming while the 
starting mixture was fed, because of the endothermic nature of steam reforming. For the reformer involving the heater 
unit carrying the catalyst component for CO shift reaction, supply of electricity to that heater unit was stopped when it 
reached 300°C, because of the exothermic nature of the reaction. For the reformer simultaneously having the catalyst 
unit carrying the catalyst component for CO shift reaction and that carrying the catalyst component for selective CO 
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oxidation, air was fed lo the system between these catalyst units, to supply oxygen required by the latter. 
[0127] Conversion of methanol attained 1or 3 min (including time for cold starting) was measured for each reformer, 
where the conversion was determined by dividing a total mol number o1 CO and CCfc formed by mol number oi methanol 
led. The conversion, used as a measure of hydrogen production efficiency, for each relormer is given in Table 1. 
£ Concentration of CO in the effluent gas is used as a measure of CO abatement efficiency for the catalyst unit carrying 
the catalyst component for CO shift reaction and that carrying the catalyst component for selective CO oxidation. It 
was measured 1 and 3 min after supply of the starting mixture was started, to assess cold starting capacity of the 
reformer. The results are also given in Table 1. 

w [Table 1] 



is 



20 



25 



30 





Reformer 


Conversion of Methanol 
W 


Concentration of CO in Effluent Gas (ppm) 


in 1 min 

U ■ 1 II III 1 


in 3 min 
hi o 1 1 in i 
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83 


25 
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77 


45 


10 
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O 


76 


20 
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P 


76 


25 


5 



40 [0128] As described above, the reformer of the present invention is improved in, e.g., contact efficiency between the 
catalyst unit and reactant fluid, and heat-exchanging efficiency of the heater units, resulting in improved efficiency lor 
production of hydrogen and reduction in CO as the by-product 

45 Claims 

1. A reformer disposed in the flow path of a reactant fluid, which comprises: 

an electrically heatable healer unit of honeycomb structure, in the upstream of the flow path of a reactant fluid; 
so and 

at least one catalyst unit of honeycomb structure capable of generating hydrogen from a reactant fluid con- 
taining an organic compound or carbon monoxide, by catalysis, in the downstream of the above heater unit, 
wherein, the heater unit and at least one of the catalyst units satisfy the following relationship: 
Cell density of the heater unit < Cell density of the catalyst unit. 

55 . 

2. The reformer according to Claim 1, wherein said heater unit and the catalyst unit adjacent thereto satisfy the 
following relationship, when two or more catalyst units are provided: 

Cell density of the heater unit ^ Cell density of the catalyst unit. 
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< 

3. The reformer according to Claim 1, wherein said heater unit and alt of the catalyst units downstream o1 the said 
healer unit satisfy the following relationship, when two or more catalyst units are provided: 
Cell density of the heater unit < Cefi density of the catalyst unit. 

s 4. A reformer disposed in the flow path of a reactant fluid, which comprises: 

two or more electrically heatable heater units of honeycomb structure; and 

at least one catalyst unit of honeycomb structure capable of generating hydrogen from a reactant fluid con- 
taining an organic compound or carbon monoxide, by catalysis, at least at one position between the above 
10 heater units, wherein, at least one of the heater units upstream of the catalyst unit (upstream-side heater unit) 

and al least one of the healer units downstream of the catalyst unit (downstream -side healer unit) satisfy the 
following relationship: 

Cell density of the upstream-sids heater unit > Cell density of the downstream-side heater unit. 

is 5. The reformer according to Claim 4, wherein the upstream-side heater unit and the downstream-side heater unit 
with no constitutional element except one or more catalyst units in-between satisfy the relationship: 
Cell density of the upstream-side heater unit > Cell density of the downstream-side heater unit. 

6. The reformer according to Claim 4, wherein the upstream-side heater unit and the downstream-side heater unit 
20 with respect to the most upstream catalyst unit satisfy the relationship, when three or more of said heater units 

are used with each of said catalyst units in-between at different positions: 

Cell density of the upstream-side heater unit > Cell density of the downstream-side heater unit. 

7. The reformer according to Claim 4, wherein all of said upstream-side and downstream-side heater units satisfy 
the relationship, when three or more heater units are used: 

Cell density of the upstream-side heater unit £ Cell density of the downstream-side heater unit. 

8. A reformer disposed in the flow path of a reactant fluid, which comprises: 

so two or more electrically heatable heater units of honeycomb structure, adjacent to each other, installed in the 

direction of fluid flow, and 

at least one catalyst unit of honeycomb structure capable of generating hydrogen from a reactant fluid con- 
taining an organic compound or carbon monoxide, by catalysis, wherein at least two adjacent heater units 
satisfy the following rektionship: 
3$ Cell density of the upstream-side healer unit £ Cell density of the downstream-side heater unit. 

9. The reformer according to Claim 8, wherein said heater unit at the most upstream position and said heater unit 
adjacent thereto satisfy the relationship, when three or more of said adjacent heater units are installed in the 
direction of fluid flow: 

to cell density of the upslream-side heater unit £ Cell density of the downstream-side heater unit. 

10. The reformer according to Claim 8, wherein all of said adjacent heater units satisfy the relationship, when three 
or more of said adjacent heater units are Installed in the direction of fluid flow: 

Cell density of the upstream-side heater unit < Cell density of the downstream-side heater unit. 

45 

11. The reformer of any preceding claim wherein said catalyst unit contains one or more of the catalyst components 
for steam reforming, partial oxidation or decomposition, and/or CO shift reaction, and/or selective CO oxidation. 

12. The reformer according to claim 11 wherein said catalyst component contains, as the major ingredients, a heat- 
50 resistant oxide and at least one kind of metal element selected from the group consisting of those of groups VB 

to VIII, IB and IIB of the long-form periodic table. 

13. The reformer according to Claim 12, wherein said metal element is at least one of those selected from the group 
consisting of metal elements of group VIII, V, Cr, Mo, W, Re, metal elements of group IB, and Zn. 

55 - 

14. The reformer according to Claim 12, wherein said heat-resistant oxide is selected from the group consisting of 
A^O^, SiOg, T1O2, 2r02. MgO, 2eolite,SAPO (silicoaluminophosphate) ALPO (aluminophosphate) and a layer 
structure compound and compound oxide thereof. 
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The reformer of any preceding claim wherein said heater unit contains one or more of the catalyst components for 
steam reforming, partial oxidation or decomposition, and/br CO shift reaction, and/or selective CO oxidation. 

The reformer of any preceding claim wherein said heater unit is composed of a sintered or metallic materiaJ having 
electrical resistance-heatability or a composite thereof, or a composite of a heat-resistant material having no elec- 
trical resistance-heatability and the above sintered or metallic material. 
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Fig. 4 
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Fig. 8 
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Fig. 13 
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